Objective: Management of insulinomas in the context of MEN1 remains poorly studied. The aim of this study was to evaluate long-term results of various surgical approaches in a large cohort of insulinoma-MEN1 patients. Design and methods: Consecutive insulinoma-MEN1 patients operated on for a nonmetastatic insulinoma between 1957 and 2010 were retrospectively selected from the MEN1 database of the French Endocrine Tumor Group. The type of surgery was categorized as distal pancreatectomy (DP), total pancreatectomy/cephalic duodenopancreatectomy (TP/CDP), or enucleation (E). Primary endpoint was time until recurrence of hypoglycemia after initial surgery. Secondary endpoints were post-operative complications. Results: The study included 73 patients (median ageZ28 years). Surgical procedures were DP (nZ46), TP/CDP (nZ9), or E (nZ18). After a median post-operative follow-up of 9.0 years (inter-quartile range (IQR): 2.5-16.5 years), 60/73 patients (82.2%) remained hypoglycemia free. E and TP/CDP were associated with a higher risk of recurrent hypoglycemia episodes (unadjusted hazard ratio: 6.18 ((95% CI: 1.54-24.8); PZ0.010) for E vs DP and 9.51 ((95% CI: 1.85-48.8); PZ0.007) for TP/CDP vs DP. After adjustment for International Union against Cancer pTNM classification, enucleation remained significantly associated with a higher probability of recurrence. Long-term complications had occurred in 20 (43.5%) patients
Introduction
About 5% of pancreatic neuroendocrine neoplasms (pNEN) arise as part of a MEN1 syndrome (1, 2, 3, 4, 5) . Insulinomas are the second most common functioning tumor after gastrinomas and account for about 10-30% of pNEN-MEN1 (6, 7, 8, 9) . Surgical removal is recommended because of the risk of severe hypoglycemia including neurological damage during the long-term management and an unknown effect of medical management in the long run (6, 9, 10, 11, 12, 13) . However, no specific surgical procedure is recommended by European Neuroendocrine Tumor Society (ENETS) guidelines in insulinomas-MEN1 patients (14) . By consequence, controversies exist regarding the extent of surgery which is performed in these patients. Distal pancreatectomy (DP) is considered to be the procedure of choice as it yields a high rate of cure in several series (5, 10, 11, 15, 16, 17, 18, 19, 20, 21) . However, DP exposes patients to the risk of secondary diabetes and exocrine secretion deficit especially in the context of MEN1, for which additional surgery is frequently required (22, 23) . Enucleation (E) may be an attractive pancreatic parenchyma-sparing alternative strategy and is proposed by several authors in the case of a single or dominant pNEN (24, 25) . Indeed, long-term cure has been reported using this procedure (25) . However, the lack of large series of patients with a long-term followup makes it difficult to evaluate the benefit-risk ratio of both strategies. Until now, only one series of insulinomas in the context of MEN1 has been published with more than 20 patients and a long-term follow-up exceeding 10 years (6) . This signifies that surgical strategies continue to be poorly evaluated in insulinoma patients with MEN1.
The purpose of our multicentric, retrospective study of the French Groupe des Tumeurs Endocrines was twofold: i) to determine risk of recurrence of hypoglycemia after initial surgery in a large series of well-characterized insulinoma-MEN1 patients according to the type of surgery and ii) to search for short-and long-term complications.
Patients and methods

Patients
The Endocrine Tumor Group network for MEN1, created in February 1991, comprises clinical centers spread over the 22 regions of France and four genetics departments. Seven hundred and forty-one MEN1 patients were registered in the French MEN1 database between 1957 and 2010. Out of these 741 patients, all consecutive patients with insulinoma and MEN1 included in the French MEN1 database were sought. The medical records were retrospectively reviewed by one investigator on site (D V).
Inclusion criteria were the following: MEN1 diagnostic criteria as defined by the guidelines (at least two of the three major MEN1-correlated disorders or patients with one typical disorder and a positive family history or patients with the identification of a germline mutation in the MEN1 gene) (26) and a diagnosis of insulinoma based on the presence of symptoms of hypoglycemia associated with low plasma glucose concentrations (%0.45 g/l) and inappropriately high serum insulin (R3 mUI/l) or C-peptide (R0.6 ng/ml) level (27) . Exclusion criteria were the presence of synchronous distant metastases at diagnosis and patients unamenable to surgery.
The following items had been recorded at the diagnosis of insulinoma: age, gender, World Health Organization (WHO) 2004 classification (28), International Union against Cancer (UICC) (29) and ENETS pTNM classifications (30) , the presence of other functioning or nonfunctioning pancreatic neoplasms, number and diameter of pNENs, hormone staining characteristics, and date of first surgery. The WHO 2010 classification could not be analyzed due to insufficient reporting on the proliferative index over the study period. The patients followed up clinically had undergone appropriate blood tests at least once a year. During follow-up, the following criteria had been recorded until December 31, 2010 or the date of the last follow-up: hypoglycemia-symptom status, date of recurrent hypoglycemic symptoms, and presence of other functioning or nonfunctioning pancreatic neoplasms. Genetic studies had been performed after informed consent had been provided by each patient in accordance with French law.
Imaging studies
Preoperative imaging studies after 1980 included a pancreatic computed tomography (CT) scan and/or a pancreatic magnetic resonance imaging in all patients and, an endoscopic ultrasound in 29 patients. In the 16 patients diagnosed with insulinoma before 1980, CT had been performed in five patients, visceral arteriography in two patients, and no preoperative radiological examination had been performed in nine patients. Portal venous sampling for insulin or calcium angiogram was performed in eight patients, localizing region(s) secreting insulin in four patients. Intraoperative ultrasound was performed in 16 out of 73 patients.
The preoperative location of the primary NENs had been recorded. Postoperative imaging with at least one abdominal CT scan had been performed in all patients every 1-3 years.
Therapeutic management
For all patients, surgery was performed within the neuroendocrine tumor French national network. The surgical procedure had been recorded and categorized in three groups: total pancreatectomy (TP)/cephalic duodeno-pancreatectomy (CDP), DP extending to the portal vein combined or not with other NEN enucleations, or tumor enucleation alone (E). TP and CDP were gathered in the same group because of the low number of patients in each group. In addition, the results of the surgical procedures were analyzed in two subgroups: DP alone or E of the body or tail of the pancreas.
Bidigital palpation of the pancreas was performed in 67 out of 73 patients. Duodenotomy was performed in only one patient with concomitant gastrin secretion.
After surgery, in addition to the pTNM status, the residual tumor classification had been recorded and defined as R0 in case of no residual tumor, R1 in case of microscopic residual tumor, and R2 in case of macroscopic residual tumor. The size, location, and number of NEN with insulin-positive staining had been recorded, as well as the presence of other NENs, at the pathological analysis.
Postoperative adverse effects had been recorded and classified according to the Common Terminology Criteria for Adverse Events, version 4.0 (grade 1Zmild symptoms with no intervention required; grade 2Zmoderate symptoms with minimal, local or noninvasive intervention indicated; grade 3Zsevere or medically significant symptoms but not immediately life-threatening; grade 4Zlife threatening consequences; and grade 5Zdeath). Short-term complications were defined as those occurring before 6 months postoperatively, otherwise they were classified as long-term complications. The risk of longterm complications was analyzed by decade categorized as: before 1980, 1980-1990, 1991-2000, and 2001-2010. 
Endpoint and statistics
The main endpoint of this study was time until recurrence of hypoglycemia defined as the time between the first surgical procedure and the recurrence of clinical symptoms together with concomitant hypoglycemia. The presence of insulin-positive staining NENs at pathology was not used to define a curative surgery, but only the presence or absence of hypoglycemic symptoms and results of plasma glucose, serum insulin, and C-peptide levels at the time of hypoglycemic symptoms in all the 42 patients who were operated after 1990. Patients who experienced persistent hypoglycemia within 3 months after the surgery were classified as 'not cured' by surgery, otherwise they were classified as cured regardless of the recurrence status after surgery.
Data analysis was conducted on SAS Statistical Software (SAS Institute, Cary, NC, USA, release 9.2). The characteristics of the patients selected for each type of surgical intervention were compared for all parameters recorded. All quantitative data were expressed as medians (inter-quartile range (IQR)). The groups were compared at baseline using the c 2 or Fisher's exact test for qualitative data and the Kruskall-Wallis test for quantitative data. Hypoglycemia-free survival curves for each surgical category were plotted using the Kaplan-Meier method and compared with the Log rank test. The description of the length of follow-up and the delay until recurrence of hypoglycemia resulted from the Kaplan-Meier estimation. Cox regression was used to model the risk of recurrent hypoglycemia episodes after treatment according to baseline characteristics and surgical treatment and to estimate hazard ratios together with 95% CIs. The patients were censored at the time of recurrent hypoglycemia episodes or at the end of the last follow-up if they remained free of symptoms at that time. The duration of follow-up was considered null for patients 'not cured' after surgery. The proportional-hazard assumption was tested for each independent variable by the 'log-log' method plotting (Kln(Kln(survival))) for each category of a nominal variable vs ln(analysis time). The assumption could not be rejected for any variable. Because of the small number of events, adjustment had to be limited to UICC pTNM classification. The variables associated with long-term complications were assessed with c 2 , Fisher's, or Kruskall-Wallis test. A P value !0.05 was considered to be statistically significant.
Results
Population characteristics
The medical records of 86 patients with insulinoma and MEN1, followed up in 30 French centers, were analyzed ( Fig. 1 ). Among these 86 patients, seven (8.1%) had presented with distant metastases at diagnosis and were excluded. In addition, the records of six patients who had never been operated on were excluded. Finally, 73 patients operated on for a nonmetastatic insulinoma within the context of MEN1 constitute the study subjects. The period of time when pancreatic surgery had been performed was distributed as follows: before 1980 for 16 patients, 1980-1990 for 15 patients, 1991-2000 for 25 patients, and 2001-2010 for 17 patients.
The main initial characteristics of the 73 operated patients with nonmetastatic insulinoma are summarized in Table 1 . Briefly, there were 47 (64.4%) women and 26 (35.6%) men whose median age at surgery was 28 years (IQR: 17-39). The median follow-up time was 9.0 years (IQR: 2.5-16.5). At the time of surgery, 14 patients (19.2%) had another functioning pNEN (gastrinomas, nZ12;
GHRHomas with acromegalic symptoms, nZ2). An extra-pancreatic tumor of the MEN1 spectrum had already been diagnosed in 48 patients (65.7%) including hyperparathyroidism (nZ28), pituitary adenoma (nZ14), adrenal adenomas (nZ7), and others extra-pancreatic lesions (nZ6) (total exceeding 48 because some patients had several extra-pancreatic tumors). The familial history was found in 51 cases (69.9%) and MEN1 mutation in 61 cases (83.6%).
At the end of the follow-up, seven patients were deceased: one non-neuroendocrine lung cancer, three thymic carcinoids, one ependymoma, one pituitary sarcoma, and one pulmonary embolism 8 months after a TP. No MEN1 insulinoma-related death was reported. 
Surgical procedures
Surgical procedures performed in the 73 patients were the following: enucleation alone (E) (nZ18), DP (nZ46), and TP/cephalic duodenopancreatectomy (TP/CDP) (nZ9) ( Fig. 1 and Table 2 ). In the 18 patients who had undergone an enucleation alone, multiple enucleations had been performed in three patients. In the 46 patients who had undergone a DP, enucleation of additional tumors in the pancreatic head had been performed in 12 patients whereas in the six patients who had undergone CDP, enucleation from the pancreatic tail had been performed in one patient.
The reasons for TP were the following: more than five pancreatic tumors (five tumors in one patient, 16 tumors in one patient, and eight tumors in one patient) and difficulty to perform enucleation in the head of the pancreas because of the vicinity of the vessels. A laparoscopic approach was performed in five out of 18 patients all treated with enucleation alone (27.8% of this subgroup). A lymph node dissection had been performed in 12 patients (16%) whose tumor size was below or above two centimeters in five and seven patients respectively. The median number of resected nodes was three (IQR: two to ten nodes) according to both the surgical and pathology reports. Due to the low number of lymphadenectomy, the N status was not considered in the statistical analysis.
According to the type of surgery, patients who had undergone E were statistically younger (P!0.05), and had a lower number of NEN at pathology (PZ0.003) ( Table 2) . Largest NEN was more frequently located in the head in case of CDP/TP. No other confounding parameter was found. No peroperative mortality had occurred. One patient had died 8 months after a TP due to a pulmonary embolism.
Pathological results
One-hundred and ten NENs with insulin-positive staining were found in 73 patients. The median number of resected NENs with insulin-positive staining was one (IQR: 1-2). Multiple NENs with insulin-positive staining were found in 23 patients (37.1%) (nZ2 in 15 patients, nZ3 in five patients, nZ4 in one patient, and nR5 in two patients) ( Table 1) . Taking into account all pNEN, the median number of resected tumors was one (IQR: 1-4). The sites of the largest NENs with insulin-positive staining in each patient were distributed as follows: head (nZ16), body (nZ19), and tail (nZ38). The median diameter of the largest NENs with insulin-positive staining was 20 mm (IQR: 15-25 mm) including the largest diameter below 10 mm and above 30 mm in 11 and ten patients respectively. All NENs with insulin-positive staining were well differentiated. According to the WHO 2004 classification, NENs with insulin-positive staining were considered to be benign in 32 patients or of uncertain behavior in 41 patients. In these 41 patients with lesions classified as of uncertain behavior, 35 had NENs exceeding 2 cm and six exhibited angioinvasion. According to the pTNM UICC classification, 35 tumors were T1, 32 T2, and six T3. According to the pTNM ENETS classification, 35 tumors were T1 and 38 were T2. Resection was considered to be R0 in 70 patients and R1 in three patients. The type of surgery was DP in two patients and E in one patient among the three patients whose resection was defined as R1. No positive lymph node metastasis was found among the 12 patients who had undergone a lymphadenectomy.
Recurrence of hypoglycemia
After a median follow-up of 9.0 years (IQR: 2.5-16.7 years), 60/73 patients (82.2%) had remained hypoglycemia-free after surgery. Thirteen patients had experienced recurrent hypoglycemia episodes including three patients classified as 'not cured' by surgery. The pathological findings of these three patients were as follows: multiple NENs with insulin-positive staining in one patient; benign according to the WHO 2004 classification in three patients; T1Nx or T2Nx according to the pTN UICC or ENETS classifications in two or one patient(s) respectively; R1 resection status in all three. DP and E were performed in respectively two and one patients. T3 tumor as defined by UICC pTNM classification was significantly associated with the risk of recurrent hypoglycemia, as shown by unadjusted Cox analysis (Table 3 ). T1-T2 or T3 tumors were associated with recurrent hypoglycemia episodes in 14.9% or 50.0% of cases respectively. The unadjusted hazard ratio for recurrent hypoglycemia episodes was 4.54 (95% CI: 1.22-16.9, PZ0.024) for T3 vs T1-T2 (Table 3) . DP, TP/CDP, or E were significantly associated with the recurrence of hypoglycemia in 8.7% (4/46), 33.3% (3/9), and 33.3% (6/18) of cases respectively corresponding to hazard ratios (HR) of 9.51 ((95% CI: 1.85-48.8), PZ0.007) for TP/CDP compared with DP or 6.18 ((95% CI: 1.54-24.8), PZ0.010) for E compared with DP ( Table 3) . Hypoglycemia symptom-free survival is represented according to surgical treatment shown in Fig. 2 . Of note, among the 46 patients who underwent a DP, all 12 patients who had undergone DP and enucleation of additional tumors in the pancreatic head had remained hypoglycemia free. By contrast, four out of 34 (11%) patients who underwent a DP without enucleation of additional tumors in the pancreatic head recurred.
Among the nine patients who underwent TP/CDP, all the three patients who recurred were treated by CDP. Recurrence of hypoglycemia after enucleation did not significantly differ (PZ0.999) between patients treated with open surgery (four patients out of 13, corresponding to 30.8% of recurrence) and those treated with laparoscopy (two patients out of five, corresponding to 40.0% of recurrence).
After adjustment for UICC pTNM classification, hazard ratios were HRZ6.75 ((1.66-27.5); PZ0.008) for E vs DP or HRZ5.27 ((0.85-32.7); PZ0.074) for TP/CDP vs DP ( Table 3 ). The median time to recurrence of hypoglycemia was 10.0 years (IQR: 4.7-19.2 years) for DP compared with 6.5 years (1.0-12.2 years) for E, and 3.0 years (0.3-9.0 years) for TP/CDP, PZ0.002 (Log rank test).
The same analysis was performed in the subgroup of 34 patients who underwent DP, only, and compared with the 18 patients who underwent E of the body or tail of the pancreas. DP or E was associated with the recurrence of hypoglycemia in 11.8% (4/34) or 33.3% (6/18) of cases, respectively corresponding to hazard ratios of 4.52 ((95% CI: 1.13-18.1), PZ0.033) for E compared with DP.
(22.2% of E procedures) (grades 1-2: nZ3, grades 3-4: nZ1), after CDP/TP in six patients (66.7% of CDP/TP procedures) (grades 1-2: nZ1 and grades 3-4: nZ5), and after DP in 14 patients (30.4% of DP procedures) (grades 1-2: nZ9, grades 3-4: nZ5). These short-term complications included: endocrine insufficiency (nZ10; 41.7%), exocrine insufficiency (nZ5; 20.8%), pancreatic fistulas (nZ6; 25%), infectious complications (nZ2; 8.3%), acute pancreatitis (nZ2; 8.3%), renal failure (nZ1; 4.2%), and respiratory failure (nZ1; 4.2%).
Long-term complications had been recorded in 25 patients (34.2%) and had never occurred after E, but five patients had experienced such complications after CDP/TP (55.6%) (grades 3-4: nZ4, grade 5: nZ1) and 20 patients after DP (43.5%) (grades 1-2: nZ2, grades 3-4: nZ18) ( Table 4 ). Among the patients with long-term complications, endocrine insufficiency (nZ22; 88% of long-term complications), exocrine insufficiency (nZ9; 36%), volvulus of the small intestine (nZ1; 4%), and death as a result of a pulmonary embolism (nZ1) were found. Twenty patients had started hypoglycemic agents including insulin therapy in ten cases and oral hypoglycemic agents in ten cases after surgery. Regarding exocrine insufficiency, nine patients had started pancreatic enzyme replacement during the course of the study. Long-term complications were significantly associated with the presence of multiple positive insulin NENs at pathological analysis (60.9% in the group with multiple vs 25.6% in patients with a solitary positive insulin NEN) (PZ0.006), the presence of multiple pNEN at pathology (15.4% in patients with only one pNEN vs 30.8 and 50.0% in those with two and three pNEN respectively) (PZ0.019), and the type of surgical procedures (0, 55.6%, and 43.5% after E, CDP/TP, and DP respectively) (PZ0.002). Long-term complications were not significantly affected by the period of time (PZ0.111): 50% (8/16) occurred before 1980, 40% (6/15) between 1980 and 1990, 16% (4/25) between 1991 and 2000, and 41.2% (7/17) between 2001 and 2010.
Discussion
To the best of our knowledge, this study is by far the largest series dedicated to the surgical management of insulinoma-MEN1 patients within a national network. Both the high number of patients and the duration of follow-up make it possible to identify the surgical approach allowing the lowest risk for recurrent hypoglycemia episodes in insulinoma-MEN1 patients. Insulinoma-MEN1 patients represent 11.6% of the MEN1 population analyzed in this study. Median age was 28 years, 8.1% had presented features of a malignant insulinomas, and finally another pNET was present in 19% of the cases. These figures are in accordance with those reported in previous publications (10, 16, 21, 31) .
Some authors proposed a DP associated with enucleation of any additional tumors in the pancreatic head as the treatment of choice to control hypoglycemic symptoms (6, 20, 32) . Even if long-term complications of this procedure in MEN1 patients remain poorly studied, preliminary evidence suggest a high risk of endocrine and/or exocrine insufficiency (33) . Progress in the field of parenchyma-preserving resections in pNEN now offer alternative approaches especially in case of single pNEN (24, 25) . The number of patients included in the previous studies was too low to allow a reliable analysis of the best surgical strategy. Especially, only five to eight patients benefit from E alone, so far.
Our study of 73 patients followed-up over a median of 9.0 years suggests that a DP was associated with the highest symptom-free survival and manageable toxicity. DP was associated with recurrent hypoglycemic episodes in 8.7% of cases compared with 33.3% for CDP/TP or E. The recurrences were null in the case of DP and enucleation of additional tumors in the pancreatic head. Therefore, the risk of recurrence increased from 0 to 11% in patients who had DP and E in comparison with patients who had DP alone. To further understand the role of each surgical procedure, we subsequently focused on patients who benefit from DP, only, or E of the body or tail of the pancreas. Our results confirm that E was associated with a higher recurrence of hypoglycemia than DP (PZ0.033).
However, surgical complications were found more frequently after DP than after E procedures. Even shortterm complications had occurred in 30.4% of DP procedures in contrast to 22.2% of E procedures. Finally, long-term complications, including mainly endocrine and exocrine insufficiency, had occurred after DP in 43.5% patients including new diabetes in 90% of them, compared with none of the patients who had undergone E. This important rate of complications may be explained by the precise on-site review of all records by a single physician and a long-term follow-up.
As insulinomas often occur at a younger age than the other NENs in MEN1 patients, we think that this parameter should be cautiously evaluated within the therapeutic decision-making process and MEN1-patients informed of such complications. In addition, long-term complications will have significant morbidity and could increase with time especially in the setting of multiple MEN1-related surgical procedures. Thus, enucleation appears as an alternative in patients in whom the first goal is to achieve a low rate of comorbidity and control of hypoglycemic symptoms. However, as cure after DP was more frequently observed than after E alone, this signifies that in MEN1 patients presenting with hypoglycemic symptoms the concept of a single insulinoma should be revised and E, if chosen, should be considered and explained to the patient as a palliative procedure even in the setting of symptomatic cure.
Until now, very limited data existed in the literature regarding the evaluation of the long-term performance of these two major surgical approaches. Only three series including more than ten patients with insulinoma and MEN1 have been published to date (6, 16, 25) . Our studies add a large body of evidence to the first series reported by the French Endocrine Tumor Group and include a systematic review of all files on site, the reports of co morbidities, and an extended follow-up in a larger number of patients. Cougard et al. (6) analyzed 41 patients with a median follow-up of 9 years: recurrent symptomatic hypoglycemia episodes were observed in eight out of 26 (30.8%) patients when DP was performed but in 25% (two out of eight) of patients when E alone was performed. O'Riordain et al. (16) analyzed 18 patients followed up for a median of 10.3 years. Recurrent symptomatic hypoglycemia episodes were observed in 8% (one out of 12) of patients when DP was performed but in 20% (one out of five) of patients when a conservative resection (minimal distal resections or tumor enucleation alone) was performed. In that study, one patient with DP had developed diabetes mellitus, whereas one patient with E had experienced pancreatic sepsis, a fistula, pancreatitis, reoperation, and permanent diabetes. Another patient had become insulin-dependent 5 years after surgery, but the type of procedure was not mentioned. More recently Bartsch et al. (25) have analyzed 13 patients (four DPGE; one CDP, seven E alone, and one middle pancreatectomy) followed up for a median of 13 years. Recurrent symptomatic hypoglycemia occurred in only one patient treated by enucleation only 13 years after the surgery. Six patients experienced complications including pancreatic fistula in five patients (three with E and two with DP), a wound infection in one patient with CDP, and diabetes mellitus in one patient with DP.
This study has several limitations. First, the new gradebased classification could not be evaluated. Secondly, it is retrospective and its duration accounts for the heterogeneity of the surgical procedures, the location of insulinomas by imaging techniques, and the follow-up strategy. In addition, preoperative individual findings could not be precisely retrieved. Therefore, the decisionmaking process could not be precisely analyzed making an in-depth understanding of the choice of each individual surgical approach impossible. With regards to this comment, it is also well known that the surgical procedure in MEN1 patients is affected also by the presence of other functioning pNENs and tumor growth control. In addition, no functioning imaging was performed on a routine basis. Even if, in 2014, functioning imaging has not been assigned as a definitive role regarding the choice of the best surgical strategy in insulinoma-MEN1 patients, regionalization of insulin-secreting pNENs is improving. However, despite the lack of functioning imaging in our study, the rate of insulinomas cure was as high as 82.2% and reached 91.3% after DP after a median post-operative follow-up of 9.0 years. This result suggests that functioning imaging could be restricted to patients in whom enucleation of other sparing parenchyma procedure is planned as well as in patients presenting with a dominant tumor within the head of the pancreas. Finally, the relatively low number of events did not allow to extensively adjust for all potential confounders, and results regarding long-term complications are not based on a survival analysis. In addition, these results should also be interpreted within the framework of a national network.
In conclusion, in the French endocrine database of MEN1-associated insulinomas, there are fewer recurrent hypoglycemic episodes after distal pancreatectomies in comparison with enucleations in the entire population but also when focusing on surgery performed on the pancreatic tail. However, enucleation might be considered as an alternative when long-term comorbidity is a major concern.
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